Glutamate transport blockade has a differential effect on AMPA and NMDA receptor-mediated synaptic transmission in the developing barrel cortex.
High affinity glutamate transport plays an important role in maintaining a low extracellular glutamate concentration in the CNS. Excitotoxicity due to a loss of glutamate transporter function has been implicated in disease processes such as stroke and amyotrophic lateral sclerosis (ALS). We studied the effects of glutamate transport inhibitors on thalamocortical synapses at developing (postnatal day 3-8) layer IV neurons in the barrel cortex using the thalamocortical slice preparation and whole-cell recordings. Inhibition of glutamate transport by D,L-threo-beta-hydroxyaspartate (THA), a combination of THA and dihydrokainate (DHK), or by L-trans-pyrrolidine-2,4-dicarboxylate (tPDC), caused a reversible blockade of AMPA and kainate receptor-mediated dual component excitatory postsynaptic currents (AMPA/KA EPSCs). This effect was not blocked by cyclothiazide (CTZ) indicating that is was not due to desensitisation of AMPARs. Under conditions in which NMDA receptors were unblocked the transport inhibitors caused the massive activation of NMDA receptors leading to the rapid loss of recordings. Previous studies using these transport inhibitors on brain slices from older animals reported no or only modest effects on synaptic transmission. Therefore the data in the present study suggest that neurons in the developing neocortex are particularly sensitive to glutamate transporter function. Furthermore the effects of transport inhibition are dependent upon whether neurons are sufficiently depolarised to relieve the voltage-dependent block of NMDA receptors.